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Male rats have been found to extinguish a conditioned
taste aversion slower than females.

It has also been found

that fe.male rats that have been "handled" (i.e., exposed to
daily brief isolation from siblings and mother) during the
preweaning period extinguish a taste aversion faster than
nonhandled females.

The present study sought to combine and

extend these findings by testing handled and nonhandled
females and males in a conditioned taste aversion under the
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methodological conditions used in the sex difference
research.
At birth eight litters were culled to eight pups each
with four females and four males per litter.

Four litters

were assigned to the handled and four to the nonhandled condition.

Beginning the day after birth and culling, handled

pups were taken from their nests and placed alone in separate tin cans for three minutes daily until day 21 (weaning).
Nonhandled litters were undisturbed except for culling and
weekly cage cleaning.
Between weaning and testing, same sex siblings were
housed together and disturbed only for cage cleaning.

When

100 days old, the animals were adapted to individual cages
for one week and then given two hours access to a 10% sucrose solution followed by an injection of a 0.30M s6lution
of LiCl (20 ml/kg).

Two days later, daily two hour extinc-

tion trials were initiated and then were continued six days
a week until the animal had reached 100% of its day one consumption.
An analysis of variance indicated a significant sex
difference within both the handled and nonhandled groups,
which replicates the previous findings.

However, there were

no significant differences due to the handling conditions in
the males or the females.
This failure to replicate the previously reported handling effect on rate of extinction in females is hypothe-

3

sized to be due to procedural differences between the two

studies.

Four procedural differences that could account for

the failure to find significant differences between handled
and nonhandled females are outlined.

These include differ-

ences in the degree of preconditioning familiarity with the
CS, in the level of the US, in the time of testing and in
the strain of rat.
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CHAPTER I
INTRODUCTION AND REVIEW OF THE LITERATURE

The environment in which an organism exists was once
thought to be comparable to a stage on which that creature
acted out its genetically written

scri~t.

Environment is

now seen as a dynamic force which interacts with the psychobiological processes of a living creature at each point in
its development.

This interaction of creature and environ-

ment constitutes an experience, and the way in which that
experience influences the subsequent growth and development
of the organism has been a central concern of psychologists
for some time.

Sigmund Freud was one of the early theorists

who recognized the role of experience in developing personality and behavior; on the basis of his clinical observations, he emphasized the importance of early or infantile
experience and its influence on adult behavior.
One of the early lines of experimental investigation
of the way in which early experience affects the adult
behavior of nonhumans was prompted by a paper by Bernstein

I.
I

(1952) .

He reported that rats that had been held by an

experimenter a few minutes a day from the time they were

I

i!

I

~f--

weaned until they were adults performed better in a maze

t

than rats which had not been handled until they were adults.
Since that time this phenomenon has been explored in great
detail.

Experimental manipulations of young animals have
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mortalities are found among handled animals than among non-

handled following 120 hours of food

and water deprivation

(Denenberg and Karas, 1959; 1961; Levine and Otis, 1958).
However, contrary to the general rule, Levine and Cohen
(1959) found that animals stimulated in the postnatal period
have a decreased resistance to leukemia virus.
Finally, a physiological parameter which has received
much attention in the investigation of the effects of postnatal handling is· the level of plasma corticosterone, the
major hormone secreted by the adrenal cortex of the rat.
Corticosterone is released whenever the animal is encountering novel or noxious stimuli.

Generally, plasma corticos-

terone levels are less elevated in

handl~d

as compared to

nonhandled animals following exposure to novel stimuli
(Levine, 1962b; Ader, 1968; 1970).
Behaviorally, animals manipulated in infancy have been
reported to be sexually precocious (Morton, Denenberg and
Zarrow, 1963), to learn faster and make fewer errors on some
avoidance learning·tasks (Denenberg and Karas, 1960; Levine,
1956), to be less emotional, i.e., to show less defecation
and more ambulation in an open field test, and to show less
vocalization and respond better to human handling (Denenberg,
1967).

Handled animals also have been reported to be more

aggressive (Levine, 1959) and to be more exploratory (Deneberg and Grata, 1964).

The more complex the environment, the

more handled animals explore;.while in nonhandled animals,
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the response to increased complexity is the opposite (DeNelsky and Denenberg, 1967).
Recently Weinberg, Smotherman and Levine (1978) have
found that early handling also affects responses in a conditioned taste aversion.

A conditioned taste aversion is the

avoidance of a novel food after a tasteof that food has

,

been followed by illness (Rzoska, 1953).

If repeated con-

tact with the taste is allowed without further illness, rats
eventually will extinguish this conditioned food aversion
(Garcia, Kimeldorf and Koelling, 1955).
al.

In the Weinberg et

(1978) study, they found that handling reduces the mag-

nitude of the initial aversion and increases the rate of
extinction in female rats.
It would be of interest for a number of reasons to
know the influence of this early treatment on a male's
behavior in a conditioned taste aversion as well.

First,

males and females are affected differentially by handling on
other measures.

There are sex differences in exploration in

a hole-board (Weinberg, Krahn and Levine, 1978).

This appa-

ratus is a wooden box with four equally spaced holes in the
floor.

Objects can be placed in the holes and this allows

for a measure of exploration based on number and duration of
head-dips into the holes rather than on ambulation.

Females

head-dip for longer durations than males when objects are
present, and the duration of head-dips does not decrease
over days as it does for males.

When no objects are present
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in the holes, handled females head-dip more than nonhandleds.
But, as stimulus variation increases, the nonhandled females
explore as much as those handled.
opposite manner.

The males respond in an

With low stimulus variation, handled and

nonhandled males do not differ; but with an increase in stimulus variation, handled males explore more.
Weinberg and Levine (1977) have shown that the corticosterone response of males and females differs during an
active avoidance task in a two-way shuttle box.

Over the

course of avoidance training all females show a decrease in
corticosterone levels whether given low or high shock.

the

corticosterone levels of handled females consistently are
lower than those of nonhandled.

The handled and nonhandled

males show a decrease in corticosterone at low shock intensity but only the handled group shows this adaptation at
high shock intensity.
Finally, Erskine, Stern and Levine (1975) have found
sex differences in the effect of handling on shock induced
fighting and ACTH levels in males and females.

It has been

shown that males paired in a shock situation and allowed to
fight have lower plasma ACTH levels than males shocked alone
in the test chamber (Conner, Vernikos and Levine, 1971).
When testing handled and nonhandled males and females in
paired or unpaired shock situations, Erskine, et al. {1975)
found higher ACTH levels in shocked alone handled females
and handled males.

However, the plasma ACTH levels of the

6

nonhandled males in the shocked alone condition did not dif-

fer from those in the paired shocked condition whereas the
nonhandled females in the shocked alone condition had higher
ACTH levels than those in the paired shock condition.
(Erskine et al. suggested that their results and those of
Conner et al.

(1971) are compatible since the history of the

subjects in the Conner study was closer to that of handled
than nonhandled animals.)

Handling in this case has no

influence on the response of the female· but it does affect
the male and eliminates the sex difference which is seen in
nonhandled animals.
A second reason for looking at the effect of handling
on the behavior of both males and females in a conditioned
taste aversion lies in the fact that there are sex differences in the adrenocortical response of the rat (see Gray,
1971, for a review).

In adults, the adrenals are larger in

females than in males, and resting levels of both plasma and
adrenal corticosterone also are higher in females.

The cor-

ticosteroid response ~o stress initially is higher in
females but it returns more rapidly to a prestress level.
This is of interest since one of the consistently observed
consequences of early handling is an attenuation of the animal's subsequent adrenocortical response to environmental
events (Ader,. 1975).

In addition, pituitary-adrenal hor.-

mones are involved in conditioned taste aversions.

Hennes-

sey, Smotherman and Levine (1976) and Rigt.er and Popping
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(1976) have found that injection of ACTH during extinction
prolongs the aversion.

If dexamethasone (a synthetic gluco-

I

corticoid which blocks ACTH release) is administered before

I

the toxin, the aversion is attenuated.
Finally, there is a sex difference in the rate of
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extinction of a conditioned taste aversion in nonhandled
animals (Chambers and Sengstake, 1976).

Under ad lib food

and water conditions males extinguish more slowly than
females.
The present study therefore was undertaken to see if
early handling would influence differentially the rate of
extinction of males and females.

I,
II
·CHAPTER II
METHOD
The subjects in this study were 64 Sprague-Dawleyderived rats bred in the psychology laboratory at Portland
State University.

The eight mothers of these animals were

housed individually in 18 x 9 x 8 inch boxes and kept on a
12:12 hour light/dark cycle.

When the pups were born the

litters were culled to eight, with four females and four
males in each litter.

If the litter size was less than

eight, foster pups were assigned to achieve the desired litter size and sex ratios.

Whenever possible, however, pups

were left with their real mothers.

Four litters were

assigned randomly to the handled condition and four to the
nonhandled condition, thereby producing four experimental
groups:

handled females; handled males; nonhandled females;

and nonhandled males.
The day after birth and culling the manipulation of
the handled animals began.

For each of the four handled

litters, the mother was placed in a holding cage while all
her pups were removed from the nest and placed alone for

I

I

I

I

I
I

J

thin layer of wood shavings.

The pups were returned to

their nest following this procedure and then their mother

I
1

three minutes in separate 46-ounce tin cans containing a

I

was returned.

This manipulation continued daily until the

pups were weaned at 21 days of age.

Meanwhile, the non-
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handled litters remained undisturbed during the nursing period except for initial culling and cage cleaning once a week.
Cage cleaning consisted of momentary transport en masse to a
fresh box.

This minimal amount of handling was considered

preferable and less stressful to the animal than a foul
I

.

II I:
! I

I

cage.
Following weaning, siblings of the same sex were
housed together until they were tested.

Except.for weekly

cage cleaning all animals were undisturbed during the postweaning, pre-testing interval.

Throughout the experiment

the animals were kept on a 12:12 hour light/dark cycle and
were given ad libitum access to food and water except during
the test period when their water was removed.
When the rats were 100 to 120 days of age, they were
rehoused in individual testing cages and habituated to the
testing regimen.

Each day at the beginning of the dark por-

tion of the light/dark cycle their water bottles were
replaced for two hours by graduated cylinders of chilled tap
water.

Seven days later, acquisition of the conditioned

taste aversion was induced.

II
I
I
I

The water bottles were removed

and instead of chilled tap water, the rats were given access
to graduated cylinders of a chilled 10% sucrose solution
(w/v in water) during the two hour test period.

Sucrose

level was recorded at the beginning and the end of the two
hours and individual consumption was computed.

Each animal

then was taken from its home testing cage, weighed and given
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an injection "(i.p.) of a 0.30M solution of lithium chloride

in the amount of 20 ml/kg body weight.

Following the injec-

tion, the animal was placed back in its cage and the water
bottle was returned.
The animals were left undisturbed for two days.
this time extinction trials began.

After

These trials occurred

six days a week and consisted of removing the water bottles
and giving the rats access to the sucrose solution during
the

tw~

hour test period.

these extinction trials.

The rats were not handled during
Consumption was recorded daily and

each animal was tested until it had regained its acquisition
day consumption level.

CHAPTER III
RESULTS
The extinction scores (the number of days it took an
animal to reach 100% of its acquisition day consumption)
were analyzed using a three factor (handling condition x
litter x sex) analysis of variance in which the second factor (litters) is nested under the first (Winer, 1962).

A

significant difference in extinction rates due to sex was
obtained, F(l,45)

=

27.55, p <.001, the females extinguished

faster than the males (see figure 1).

There were, however,

no significant differences due to handling, F(l,45)

=

3.09,

nor was there a handling condition x sex interaction,
F(l,45) = .03.

Finally, there were no significant differ-

ences due to litters, F(6,45)

=

1.45.

The amount of sucrose consumed on acquisition day was
analyzed with a two factor (handling condition x sex) analysis of variance to determine differences in neophobia.
There were no significant differences due to sex, F(l,56)
.904, or handling, F(l,56)

=

=

.822, and there was no interac-

tion between these two factors, F(l,56)

=

2.466.

CHAPTER IV
DISCUSSION
The sex difference in rate of extinction from a conditioned taste aversion, previously reported by Chambers and
Sengstake (1976) , was replicated.

Females resumed consump-

tion of the aversive substance sooner than males.

Early

handling, however, had no influence on rate of extinction in
either sex.

Thus, the finding of Weinberg, Smotherman and

Levine (1978) , that early early handling accelerates extinction in the female was not replicated.
The failure to replicate the effects of handling could
be accounted for by at least two factors.
due to a type II error.

First, it may be

This is not likely, however, since

sample sizes in the present study were twice as large (n= 16)
as those in the Weinberg, et al.

(1978) study and since

there was a tendency toward longer rather than shorter
extinction in the handled groups (see figure 1).
A second possible reason for the difference in findings
is that the procedures of the two studies differed.

The par-

adigm used in the present study was the same as that used by
Chambers and Sengstake (1976) , and it differs
of ways from that used by Weinberg et al.

in a number

(1978).

I suggest

that some aspect(s) of the procedural differences in the
present investigation effectively blocked any manifestation
of differences resulting from early

experience~
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One possibly important difference is the

d~gree

of

familiarity with the conditioned stimulus experienced by the
animals in the two studies.

Weinberg, et al. used a 30 min-

ute test and four days of pre-exposure before the conditioned exposure, while animals in the present investigation
had a single two hour exposure before conditioning.

It is

well established that increasing the number of prior exposures to a substance increases the difficulty in conditioning an animal to avoid that substance (Best, 1975; Elkins,
1973; Nachman and Jones, 1974).

Elkins (1973) systematically

investigated the way in which familiarity influences aversion formation.

Looking at five pre-exposure periods rang-

ing from zero to twenty days he found that preconditioning
familiarity is inversely related to the strength of the
resultant aversion.

One day of pre-exposure failed to atten-

uate the initial aversion but it did accelerate extinction.
The formation of an aversion was blocked completely by 20
days of pre-exposure to the CS while orderly and graded
degrees of aversion formation resulted from intermediate preexposures.
Kalat and Rozin (1973) have suggested that in a conditioned taste aversion two learning processes are possible.
Learning takes place in the delay period between the presentation of the CS and the US.
are close in time, the rat
as the

cs-us

When consumption and poisoning
learns to avoid the taste. But,

interval becomes greater, i.e., as the absence
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of aversive stimuli is prolonged, the animal learns safety.

Under the conditions of the present study, where the animal's
initial exposure to the CS is followed immediately by toxicosis, there is acute evidence that the novel sucrose is
harmful and essentially no evidence that it is not.

In the

Weinberg study subjects had four half-hour exposures separated by 24 hour intervals before the conditioned exposure.
Those animals had a lot of information indicating that the
substance was safe.

It may be that handling enhances the

learning of safety, as in the Weinberg study, but has no
effect on the learning of an aversion to a taste, as in the
present investigation.
Data from pilot research in our lab where all of the
conditions of the present study were kept the same, except
that animals were tested under zero or four half-hour preexposures prior to conditioning, indicate no significant differences due to handling procedure for either exposure condition.

These preliminary data suggest that at least number

of exposures alone cannot account for the lack of replicabili ty.
Another important procedural difference between the
two studies is the dosage level of the toxin.

The dose used

by Weinberg et al. was 7.5 ml/kg of a 0.40M solution of
LiCl.

In the present study animals received 20 ml/kg of a

0.30M solution.

In both studies the toxin was injected

intraperitoneally.

According to a study by Nachman and Ashe
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(1973) it is the total amount of LiCl and not the specific
volume or concentration that is responsible for the strength
of a produced aversion.

Total amount can be measured in

molar equivalencies per kilogram (mEq/kg) and is found by
multiplying toxin concentration by injected volume.

By vary-

ing these two parameters, Nachman and Ashe (1973) generated
a dose response curve and found that 0.15 mEq/kg was the
threshold dose for producing an aversion and that 3.0 mEq/kg
was sufficient to produce a strong aversion.
noted that this

dos~

It should be

was sufficient for animals that were

water deprived and in a forced extinction situation where
the aversive sucrose was the only available liquid during
testing.

Weinberg, et al. rats received 3.0 mEq/kg while

the present animals received 6. 0

m~q/~g,

or twice the quan-

tity of LiCl used by Weinberg and known to cause strong aversions in deprived rats.
It is reported that in acute situations handled animals appear to be more sensitive to their environments than
nonhandled.

Manipulated animals exhibit a significantly

greater depletion of adrenal ascorbic acid after 90 minutes
of exposure to cold than do nonrnanipulated controls (Levine,
Alpert and Lewis, 1958).

In a further study, Levine (1962b)

has found that manipulated animals have a more vigorous physiological response to acute footshock than do control animals as measured by the amount of circulating corticosterone
in the blood up to 15 minutes after the termination of
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shock.

In another investigation Haltmeyer, Denenberg and

Zarrow (1967) found that handled animals respond more readily to shock, as measured by corticosterone levels, but also
show a greater decrease in rate of response after shock termination.

The relatively high dose of toxin used in the

present study may constitute a situation sufficiently acute
to make the handled animals respond more vigorously and
acquire stronger aversions than they would at lower stimulus
levels, e.g., those used in the Weinberg study.
A third procedural difference which may be important
is the time of testing.

There is a circadian rhythm in ACTH

output, with highest levels occurring at the beginning of
the active portion of the day and lowest levels during the
resting portion of the day.

In the nocturnal rat, the peak

output of ACTH is at 4:00 p.m., and the nadir is at 4:00 a.m.
(Smith, 1973).

Weinberg et al. tested their animals within

two and a half hours after the beginning of the light portion of the light/dark cycle when ACTH levels are naturally
low, while in the present study animals were tested at the
beginning of the dark period when ACTH levels are naturally
.high.

Since ACTH and corticosterone are influential hor-

mones in the acquisition and extinction of a conditioned
taste aversion (Levine, Smotherman and Hennessey, 1977), the
difference in test time may be important.
A final methodological factor which may have affected
the outcome was the strain of animal used.

Weinberg et al.
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used animals of a Long-Evans-Sprague-Dawley cross while the
present study used Sprague-Dawley rats.

Sprague-Dawley rats

have been reported to be less responsive to handling than
Long-Evans rats (Levine and Wetzel, 1963).
Early handling does not always influence an animal's
physiological or behavioral response to environmental stimuli
in a predictable way.

With regard to adrenocortical reactiv-

ity, for instance, it has been demonstrated repeatedly that
early handled animals have a reduced adrenocortical response
relative to unrnanipulated controls (see Ader, 1975, for a
review).

These findings are quite consistent with rela-

tively innocuous stimuli.

However, with more intense stim-

uli the results vary.
Ader (1970) has reviewed the literature on the susceptibility to somatic disease as a function of early handling
and again the findings are inconsistent.

Preweaning han-

dling retards the growth of a transplanted tumor (Ader and
Friedman, 1965) and increases resistance to gastric erosions
(Ader, 1965).

However, it decreases resistance to trans-

planted leukemia (Levine and Cohen, 1959) and has

no effect

on resistance to encephalornyocarditis virus or on the spontaneous development of leukemia in AKR mice (Friedman, Glasgow and Ader, 1969).
Findings on handling effects on learning have been difficult to piece together as well.

For example, in three sep-

arate studies, where early handling conditions were almost
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identical, animals were trained as adults to avoid a .5 mA

shock· in a shuttle box.

In one study, handled animals

learned faster than controls (Levine and Wetzel, 1963); in
another they learned more slowly (Ader, 1965); and, in a
third study there were no differences in learning between
handled and control subjects (Tapp and Markowitz, 1963).

So,

even though the major parameters (i.e., the type of early
experience and the nature and intensity of environmental
stimuli in the test

situatio~

may be identical or very simi-

lar, it is clear that the factors which influence the behavioral expression are complex.
Both physiological and behavioral responses were examined in a study looking at the effects of early handling on
the intake of novel substances (Weinberg, Smotherman and
Levine, 1980).

Half of the manipulated and control subjects

were given a sucrose solution first and a saline solution
second, while for the other half of the subjects the order
of presentation was reversed.
~oth

These researchers examined

consumption and plasma corticosterone levels following

consumption.

Under these conditions behavioral differences

between handled and nonhandled animals are found with
sucrose consumption while differences in plasma corticos~erone

levels are found following saline intake.

Dissocia-

tions of behavioral and physiological results have been
reported elsewhere as well (Weinberg and Levine, 1977).
These findings indicate that the entire history of the
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organism, both the phylogenetic and the ontogenetic, is

important in determining the effect of environmental stimuli
on early handled animals.

A review of the literature on

infantile experience indicates that the quality and quantity
of early stimulation, the animal's age when stimulated, the
particular independent and dependent variables in the test
situation and the animal's experiences between initial stimulation and final testing are all important in determiriirigthe
outcome of studies on infantile experience (Denenberg, 1967).
In addition, they indicate that measurement of both behavioral and physiological responses may elucidate differences
between handled and nonhandled animals that one type of measurement may not reveal.
In summary, it is likely that procedural factors in
the present investigation obscured any significant differences between handled and nonhandled groups that have been
demonstrated previously in a conditioned taste aversion.
Whether the failure to find a difference between handled and
nonhandled females is due to the degree of familiarity with
the CS, the level of the

us,

the time of testing or the

strain of rat remains to be determined.
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Mean number of days the nonhandled females (NHF),
the handled females (HF) , the nonhandled males
(NHM) and the handled males (HM) drank less than
100% of their acquisition day consumption.

